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FORCE PRESENTATION APPARATUS,
FORCE PRESENTATION METHOD, AND
FORCE PRESENTATION PROGRAM

BACKGROUND OF THE INVENTION

The technical field relates to a force presentation apparatus
for use in measuring a force exerted at the time when an
operator inserts an insertion member into a living body vessel
and presenting the force to an experiencing person, as well as
a force presentation method and a force presentation program
for such an apparatus.

Inrecentyears, an operative procedure has been carried out
in which by inserting a linear member, such as a guide wire or
a catheter, into a vessel of a human body such as a vascular
while monitoring its image such as an X-ray radioscopic
image or the like so as to carry out a treatment on an angios-
tenosis portion or the like. Simultaneously as the operator
confirms the states of the vessel and/or linear member through
captured images thereof, the operator carries out the practice
while directly sensing, by his or her hand, force sensitive
information of an insertion resistance generated when the
linear member is made in contact with the vessel. In this case,
however, the force sensitive information that is being directly
sensed by the hand of the corresponding operator cannot be
directly sensed by other operators. Unexamined Japanese
Patent Publication No. 2000-10467 (Patent Document 1) has
disclosed a catheter operation simulator by which a catheter
insertion is practiced by utilizing a vascular model. In this
system, since pieces of objective information, such as an
insertion amount or a rotation amount at the time of a catheter
insertion and a touch pressure, or the like, can be obtained, it
is possible to train unskilled persons while data of the
unskilled persons is compared with those of skilled persons.

SUMMARY OF THE INVENTION

Although Patent Document 1 makes it possible to visually
display the touch pressure by using a graph or the like, itis not
possible to allow an unskilled person to sense a force being
directly sensed by the hand of a skilled person by his or her
hand of the unskilled person.

One non-limiting and exemplary embodiment provides a
force presentation apparatus, force presentation method, and
a force presentation program for such an apparatus, each of
which estimates individual forces applied to a living body
vessel from an insertion member based upon force informa-
tion measured from the outside of the body and presents the
resulting data to an experiencing person.

Additional benefits and advantages of the disclosed
embodiments will be apparent from the specification and
Figures. The benefits and/or advantages may be individually
provided by the various embodiments and features of the
specification and drawings disclosure, and need not all be
provided in order to obtain one or more of the same.

In one general aspect, the techniques disclosed here fea-
ture: a force presentation apparatus comprising:

a force measuring unit that measures a force individually
applied to each of portions of the living body vessel by an
insertion member when an operator inserts the insertion
member into the living body vessel, from outside of the living
body vessel in time series;

a determination unit that determines a force to be transmit-
ted to an experiencing person based upon the force measured
by the force measuring unit;

a presentation unit that transmits the force determined by
the determination unit to the experiencing person; and
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2

a force transmission control unit that controls strength of
the force to be transmitted by the presentation unit to the
experiencing person and timing of switching the strength of
the force based upon information of results of measurement
in the force measuring unit in time series.

These general and specific aspects may be implemented
using a system, a method, and a computer program, and any
combination of systems, methods, and computer programs.

In accordance with the force presentation apparatus, the
force presentation method, and the force presentation pro-
gram of the above-mentioned aspect of the present invention,
forces to be applied to a living body vessel upon insertion of
an insertion member to the living body vessel can be mea-
sured for each of individual contact portions in addition to
their total value. Moreover, by presenting a force sense
detected by the force measuring device to an experiencing
person other than the operator, the experiencing person other
than the operator is allowed to directly sense the force by his
or her hand of the experiencing person.

BRIEF DESCRIPTION OF THE VIEWS

These and other aspects and features of the present disclo-
sure will become clear from the following description taken
in conjunction with the embodiments thereof with reference
to the accompanying drawings, in which:

FIG. 1 is a view that shows a schematic configuration of a
force presentation system in accordance with a first embodi-
ment of the present invention;

FIG. 2 is a block diagram that shows a detailed configura-
tion of the force presentation system in accordance with the
first embodiment of the present invention;

FIG. 3 is a block diagram that shows a detailed configura-
tion of a force presentation apparatus in accordance with the
first embodiment of the present invention;

FIG. 4A is a view that shows a schematic configuration of
a force measuring device in accordance with the first embodi-
ment of the present invention;

FIG. 4B is a view that shows a schematic configuration of
a force measuring device in accordance with the first embodi-
ment of the present invention;

FIG. 4C is a view that shows a schematic configuration of
a force measuring device in accordance with the first embodi-
ment of the present invention;

FIG. 4D is a view that shows a correspondence table
between a deflection amount and a force of the force measur-
ing device in accordance with the first embodiment of the
present invention;

FIG. 4E is a view that shows a schematic configuration of
an insertion length detection unit in accordance with the first
embodiment of the present invention;

FIG. 4F is a view that shows a correspondence table
between the number of marks and the amount of insertion of
the insertion length detection unit in accordance with the first
embodiment of the present invention;

FIG. 5 is a view that explains one example of the insertion
length detection unit in accordance with the first embodiment
of the present invention;

FIG. 6 is a view that relates to a measuring information
database in accordance with the first embodiment of the
present invention;

FIG. 7 is a view that explains one example of a notification
unit in accordance with the first embodiment of the present
invention;

FIG. 8 is a view that explains a determination method in a
determination unit in accordance with the first embodiment of
the present invention;
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FIG. 9A is a graph that indicates a force upon insertion of
a catheter in accordance with the first embodiment of the
present invention;

FIG. 9B is a graph that indicates a force upon insertion of
a catheter in accordance with the first embodiment of the
present invention;

FIG. 10A is a view that explains one example of a force
presentation apparatus in accordance with the first embodi-
ment of the present invention;

FIG. 10B is a view that explains one example of a force
presentation apparatus in accordance with the first embodi-
ment of the present invention;

FIG. 11 is a flow chart showing a force presentation system
in accordance with the first embodiment of the present inven-
tion;

FIG. 12 is a flow chart showing a force measuring device in
accordance with the first embodiment of the present inven-
tion;

FIG. 13 is an explanatory view that shows catheter inser-
tion operations in accordance with the first embodiment of the
present invention, (A) of FIG. 13 is a graph that shows a
relationship between a force upon insertion of the catheter
and an insertion length; and (B) to (E) of FIG. 13 are views
that show the catheter insertion operations;

FIG. 14 is a graph that shows a relationship between a force
upon insertion of the catheter and an insertion length in accor-
dance with the first embodiment of the present invention;

FIG. 15 is a block diagram that shows a detailed configu-
ration of the force presentation system in accordance with a
second embodiment of the present invention;

FIG. 16 is a view that relates to a measuring information
database in accordance with the second embodiment of the
present invention;

FIG. 17 is a view that explains a determination method in a
determination unit in accordance with the second embodi-
ment of the present invention;

FIG. 18 is a flow chart showing a force presentation system
in accordance with the second embodiment of the present
invention;

FIG. 19 is a view that shows a schematic configuration of'a
force presentation system in accordance with a third embodi-
ment of the present invention;

FIG. 20 is a view that explains one example of a notifica-
tion unit in accordance with the third embodiment of the
present invention;

FIG. 21 is a block diagram that shows a detailed configu-
ration of the force presentation system in accordance with the
third embodiment of the present invention;

FIG. 22 is a view relating to a control information database
in accordance with a third embodiment of the present inven-
tion;

FIG. 23 is a flow chart showing a force presentation system
in accordance with the third embodiment of the present inven-
tion;

FIG. 24 is a view that shows a schematic configuration of a
force presentation system in accordance with a fourth
embodiment of the present invention;

FIG. 25 is a block diagram that shows a detailed configu-
ration of the force presentation system in accordance with the
fourth embodiment of the present invention;

FIG. 26 is a view relating to a case database in accordance
with the force embodiment of the present invention;

FIG. 27 is a block diagram that shows a detailed configu-
ration of the force presentation system in accordance with the
fourth embodiment of the present invention;
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FIG. 28 is a flow chart showing a force presentation system
in accordance with the fourth embodiment of the present
invention;

FIG. 29 is a flow chart showing a force presentation system
in accordance with the fourth embodiment of the present
invention;

FIG. 30 is a view relating to a case database in accordance
with the force embodiment of the present invention; and

FIG. 31 is a view relating to data of a threshold value of the
force measuring device in the first embodiment of the present
invention.

DETAILED DESCRIPTION

Referring to the drawings, the following description will
describe embodiments relating to the present disclosure.

Prior to explaining the embodiments of the present disclo-
sure in detail by reference to the drawings, various aspects of
the present disclosure will be explained.

Examples of the disclosed technique are as follows.

1st aspect: A force presentation apparatus comprising:

a force measuring unit that measures a force individually
applied to each of portions of the living body vessel by an
insertion member when an operator inserts the insertion
member into the living body vessel, from outside of the living
body vessel in time series;

a determination unit that determines a force to be transmit-
ted to an experiencing person based upon the force measured
by the force measuring unit;

a presentation unit that transmits the force determined by
the determination unit to the experiencing person; and

a force transmission control unit that controls strength of
the force to be transmitted by the presentation unit to the
experiencing person and timing of switching the strength of
the force based upon information of results of measurement
in the force measuring unit in time series.

By using the present configuration, it is possible to present
aforce applied to a living body vessel by an insertion member
to an experiencing person different from the operator who is
actually inserting the insertion member to the living body
vessel.

2nd aspect: The force presentation apparatus according to
the 1st aspect, wherein the force measuring unit further com-
prises:

a force detection unit that detects a force applied to the
entire living body vessel by the insertion member, from the
outside of the living body vessel;

a point-of-time calculation unit that individually measures
a point of time at which the force is applied by the insertion
member to the living body vessel, based upon the force
detected by the force detection unit; and

an individual force calculation unit that individually cal-
culates a force to be applied by the insertion member to the
living body vessel,

wherein upon insertion of the insertion member into the
living body vessel, the point-of-time calculation unit sets a
point of time at which a displacement of the force becomes
not smaller than a predetermined displacement deciding
threshold value for every predetermined insertion length, and

the individual force calculation unit divides a value
obtained by subtracting information of the force at the point
of time immediately before, from information of the force
detected by the force detection unit at a measuring point of
time, by a number of the points of time that have been set up
to the measuring point of time, and adds the resulting divided
value to each of individual forces at the respective points of
time.
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By using the present configuration, it is possible to estimate
a force applied to each of individual contact portions from
forces measured from the outside of the living body vessel.

3rd aspect: The force presentation apparatus according to
the 1st aspect, wherein the determination unit determines so
as to present the force to be applied by the insertion member
to the entire living body vessel (i) in a case where an indi-
vidual force applied to the living body vessel is less than a
predetermined individual force deciding threshold value, and
also determines so as to present a force that is individually
applied to the living body vessel and has a greatest difference
from a predetermined individual force deciding threshold
value among the forces individually applied to the living body
vessel that have values not lower than the individual force
deciding threshold value, (ii) in a case where an individual
force applied to the living body vessel is the predetermined
individual force deciding threshold value or more.

By using the present configuration, it is possible to present
an appropriate force from forces applied to a living body
vessel by an insertion member to an experiencing person
different from the operator who is actually inserting the inser-
tion member to the living body vessel.

4th aspect: The force presentation apparatus according to
the 1st aspect, wherein the determination unit determines so
as to present the force to be applied by the insertion member
to the entire living body vessel (i) in a case where an insertion
velocity upon insertion by the operator is less than a prede-
termined insertion velocity-use threshold value, and also
determines so as to present a force having a greatest differ-
ence from the predetermined insertion velocity-use threshold
value among the forces individually applied to the living body
vessel that have values not lower than the insertion velocity-
use threshold value, (ii) in a case where the insertion velocity
is the predetermined insertion velocity-use threshold value or
more.

By using the present configuration, it is possible to present
an appropriate force from forces applied to a living body
vessel by an insertion member to an experiencing person
different from the operator who is actually inserting the inser-
tion member to the living body vessel.

5Sth aspect: The force presentation apparatus according to
the 1st aspect, wherein the determination unit determines so
as to present the force to be applied by the insertion member
to the entire living body vessel with a sensitivity lower than
the sensitivity of a measured value that is being measured in
the force measuring unit (i) in a case where a force individu-
ally applied to the living body vessel has a value less than a
predetermined sensitivity adjusting threshold value, and the
determination unit also determines so as to present the force
to be applied by the insertion member to the entire living body
vessel with a sensitivity that is increased from a sensitivity of
a measured value that is being measured in the force measur-
ing unit (i1) in a case where a force individually applied to the
living body vessel has a value that is the predetermined sen-
sitivity adjusting threshold value or more.

By using the present configuration, it is possible to present
an appropriate force from forces applied to a living body
vessel by an insertion member to an experiencing person
different from the operator who is actually inserting the inser-
tion member to the living body vessel.

6th aspect: The force presentation apparatus according to
the 1st aspect, wherein the determination unit determines so
as to present the force to be applied by the insertion member
to the entire living body vessel with a sensitivity lower than a
sensitivity of a measured value that is being measured in the
force measuring unit (i) in a case where an insertion velocity
upon insertion by the operator is less than a predetermined
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insertion velocity-use threshold value, and the determination
unit also determines so as to present the force to be applied by
the insertion member to the entire living body vessel with a
sensitivity that is increased from a sensitivity of a measured
value that is being measured in the force measuring unit (ii) in
a case where the insertion velocity is the predetermined inser-
tion velocity-use threshold value or more.

By using the present configuration, it is possible to present
an appropriate force from forces applied to a living body
vessel by an insertion member to an experiencing person
different from the operator who is actually inserting the inser-
tion member to the living body vessel.

7th aspect: The force presentation apparatus according to
the 1st aspect, further comprising:

a force decision unit that decides that in a case where force
information individually calculated in the individual force
calculation unit has a value that is a predetermined load
deciding threshold value or more, a load is applied to the
living body vessel or the insertion member.

By using the present configuration, it is possible to decide
whether or not aload is applied to the living body vessel or the
insertion member.

8th aspect: The force presentation apparatus according to
the 1st aspect, further comprising:

an image capture device that captures an image of a portion
where the insertion member is inserted in the living body
vessel; and

a notification unit that adds information of a force individu-
ally calculated in the individual force calculation unit or
information as a result of decision obtained in the force deci-
sion unit to a captured image of the living body vessel or the
insertion member, and displays the resulting image.

By using the present configuration, it is possible to display
that a load is being applied to the living body vessel or the
insertion member, together with an image.

9th aspect: The force presentation apparatus according to
the 1st aspect, further comprising:

an output unit that informs the operator of information of
an individual force calculated in the individual force calcula-
tion unit or information as a result of determination given by
the force decision unit by means of a sound or an image.

By using the present configuration, it is possible to inform
the operator of the fact that a load is being applied to the living
body vessel or the insertion member, by means of a voice or
an image.

10th aspect: The force presentation apparatus according to
the 1st aspect, wherein the determination unit determines
information to be presented based upon information as a
result of decision given by the force decision unit, the device
further comprising:

an image capture device that captures an image of a portion
where the insertion member is inserted in the living body
vessel based upon presentation information determined by
the determination unit;

an image capture device control unit that controls the
image capture device; and

anotification unit that adds presentation information deter-
mined by the determination unit to an image captured by the
image capture device and displays the resulting image, under
control of the image capture device control unit.

By using the present configuration, it is possible to display
whether or not aload is applied to the living body vessel or the
insertion member, together with an image.

11th aspect: A force presentation apparatus comprising:

a force measuring unit that measures a force individually
applied to each of portions of the living body vessel by the



US 9,381,064 B2

7

insertion member when an operator inserts the insertion
member into the living body vessel, from outside of the living
body vessel in time series;

a determination unit that decides a force to be transmitted
to an experiencing person based upon the force measured by
the force measuring unit;

a presentation unit that transmits the force determined by
the determination unit to the experiencing person;

a force transmission control unit that controls strength of
the force to be transmitted by the presentation unit to the
experiencing person and timing of switching the strength of
the force based upon information of results of measurement
in the force measuring unit in time series;

an image capture device that captures an image of a portion
where the insertion member is inserted in the living body
vessel; and

a case data storing unit that stores a force applied by the
insertion member to the entire living body vessel or a force
individually applied to the living body vessel, measured by
the force measuring device upon operation by the operator,
and an image of the living body vessel or the insertion mem-
ber captured by the image capture device as a pair,

wherein the determination unit determines a force to be
transmitted to the experiencing person based upon the force
stored in the case data storing unit.

By using the present configuration, it is possible to store a
force applied to a living body vessel upon insertion by the
operator so that an experiencing person is allowed to feel the
force even when the operator is not present.

12th aspect: A force presentation method comprising:

measuring, by a force measuring unit, a force individually
applied to each of the portions of the living body vessel by the
insertion member when an operator inserts the insertion
member into the living body vessel, from outside of the living
body vessel in time series;

determining, by a determination unit, a force to be trans-
mitted to an experiencing person based upon the force mea-
sured by the force measuring unit;

transmitting the force determined by the determination unit
to the experiencing person, by a presentation unit; and

controlling, by a control unit, strength of a force to be
transmitted by the presentation unit to the experiencing per-
son and timing of switching the strength of the force based
upon information of results of measurement in the force mea-
suring unit in time series.

By using the present configuration, it is possible to present
aforce applied to a living body vessel by an insertion member
to an experiencing person different from the operator who is
actually inserting the insertion member to the living body
vessel.

13th aspect: A computer-readable recording medium
including a force presentation program for allowing a com-
puter to function as:

a determination unit that determines a force to be transmit-
ted to an experiencing person based upon a force measured by
a force measuring unit that detects a force individually
applied to each of portions of the living body vessel by an
insertion member when an operator inserts the insertion
member into the living body vessel, from outside of the living
body vessel in time series;

a presentation unit that transmits the force determined by
the determination unit to the experiencing person; and

a force transmission control unit that controls strength of
the force to be transmitted by the presentation unit to the
experiencing person and timing of switching the strength of
the force based upon information of results of measurement
in the force measuring unit in time series.
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By using the present configuration, it is possible to present
aforce applied to a living body vessel by an insertion member
to an experiencing person different from the operator who is
actually inserting the insertion member to the living body
vessel.

Referring to the drawings, the following description will
describe a first embodiment of the present invention in detail.

(First Embodiment)

The following description will explain an outline of a force
presentation system (one example of a force presentation
apparatus) 100 in accordance with the first embodiment of the
present invention.

FIG. 1 shows a state of a catheter inspection or treatment in
which an operator 6« inserts a guide wire 2q that is a linear
member as one example of a flexible insertion member
toward an affected part of a vascular 3 of a brain, a heart, or the
like, which is one example of a living body vessel of a human
body 4, from the outside of the body.

A portion on a side opposite to the tip of the guide wire 2a
is held by a torque device 39 to be secured thereto, and the
operator 6a carries out an insertion operation of the guide
wire 2a while holding the torque device.

<<Image Capture Device 5>>

While the operator 64 is inserting the guide wire 2a, an
X-ray image capture device 5 serving as one example of an
image capture device captures an image of the vascular 3 or
the guide wire 2a from the outside of the body, and displays
the image captured by the X-ray image capture device 5 on a
monitor 8a. The resulting information of the image captured
by the image capture device 5 is displayed on a notification
unit 8 (monitor 8a), and also stored in a measured information
database 9 for every predetermined time (for example, every
4 milliseconds) by utilizing a timer 36 from the image capture
device 5 via a database input/output unit 14.

The X-ray image capture device 5 is provided with an
X-ray generation unit 5g and an X-ray detection unit 5/
relating to the X-ray generation unit 5g. The X-ray generation
unit 5g irradiates an image capturing subject portion of a
human body 4 on a bed 70 with aradioactive ray (for example,
an X-ray), and the X-ray detection unit 5/ detects an X-ray
image that has passed through the human body 4. The X-ray
image detected by the X-ray detection unit 5/ is connected to
the monitor 8a through an image capture device control unit
41 so that an X-ray image is displayed on the monitor 8a. The
image capture device control unit 41 drive-controls an X-ray
image capture device moving unit 5% so that the X-ray gen-
eration unit 5g and the X-ray detection unit 5/ can be moved,
if necessary, to a portion where the image capturing process is
required. In the following embodiments as well, the same
configuration can be adopted.

A force measuring device 1 serving as one example of a
force measuring unit is disposed at a tip of the torque device
39, and while the operator 6a is inserting the guide wire 2a,
the force measuring device 1 measures a contact force at the
time when the guide wire 2a is made in contact with a vascular
3, or a frictional force at the time when the guide wire 2a is
made in contact with a meandering portion or a branched
portion of the vascular 3, individually in time series and in the
case where a load is applied onto the vascular 3, a warning is
given by the monitor 8a or a speaker 85 serving as one
example of an output unit. While confirming the X-ray image
displayed on the monitor 8a, a warning sound from the
speaker 8b, a warning given from the force measuring device
1, or the like, the operator 6a carries out the insertion of the
guide wire 2a.

A presentation unit 18 transmits the force measured by the
force measuring device 1 to an experiencing person 6b. The
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experiencing person 65 is allowed to directly feel the force
that is actually felt by the hand of the operator 6a through an
experience-use (presentation-use) guide wire (hereinafter,
referred to as “presentation wire) 2b by the presentation unit
18.

Additionally, although the experiencing person 6b is
allowed to feel the force by the presentation unit 18, the
experiencing person 65 cannot insert the guide wire 2a into
the vascular 3 by using the presentation unit 18.

Moreover, an input IF (interface) 7, which is an operation
interface for use in instructing a start and a completion of the
detection (measurement) by the force measuring device 1, as
well as a start and a completion of the presentation unit 18, is
constituted by, for example, buttons and the like. Upon receipt
of'starting instructions for measuring a force by the input IF 7,
a force measuring operation in the force measuring device 1is
started by a force measurement control unit 200, while upon
receipt of terminating instructions for the force measurement
from the input IF 7, the force measuring operation in the force
measuring device 1 is terminated by the force measurement
control unit 200. Additionally, the force measurement control
unit 200 also controls the start and completion of an image
capturing operation of the X-ray image capture device 5
through the image capture device control unit 41, based upon
the start and terminating instructions for force measurements.

FIG. 2 shows a configuration of a force presentation system
100.

The force presentation system 100 in accordance with a
first embodiment is provided with the force measuring device
1, a determination unit 27, and the presentation unit 18.

As shown in FIG. 3, the presentation unit 18 is provided
with a force transmission control unit 21, a peripheral device
23, and a force transmission mechanism 26. The peripheral
device 23 is provided with an input/output IF 24 and a motor
driver 25. Detailed descriptions thereof will be given later.

—Force Measuring Device 1—

The force measuring device 1 is provided with a force
detection unit 13, the measured information database 9, a
timer 36, a database input/output unit 14, a reference point
calculation unit 10, an individual force calculation unit 11, a
force decision unit 12, and a notification unit 8.

<<Force Detection Unit 13>>

The force detection unit 13 detects a force that is exerted on
the guide wire 2a at the time when a guide wire 2a is made in
contact with a vascular 3 from the outside of a human body 4.
For example, the force detection unit 13 is constituted by a
6-axis force sensor that measures a force in the insertion
direction of the guide wire 2a and a force in the rotation
direction thereof, and is disposed at a tip of the torque device
39, as shown in FIG. 4A.

The operator 6a operates the guide wire 2a while holding
the torque device 39, and at the time when the guide wire 2a
is made in contact with meandering portions 3a or branched
portions 35 of the vascular 3, the force detection unit 13
measures forces of the respective meandering portions 3a or
branched portions 35 as a total value, in time series.

For example, in the case where, as shown in FIG. 4A,
forces P1, P2, P3, and P4 are generated at the respective
meandering portions 3a or branched portion 35, the force
detection unit 13 fails to individually detect the respective
forces P1, P2, P3, and P4, and measures a total value Pt (in this
example, P14P2+P3+P4=Pt) of the respective forces P1, P2,
P3, and P4.

The value of the force Pt to be detected by the force detec-
tion unit 13 is detected in time series in the force detection
unit 13 for every certain periods of time (for example, every 4
milliseconds) by utilizing the timer 36 to be described later,
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and the value of the force Pt, thus detected, is outputted from
the force detection unit 13 together with the time to the
database input/output unit 14 described later, and stored in the
measured information database 9 from the database input/
output unit 14. This force Pt is a force to be applied onto the
entire vascular by the guide wire 2a.

Additionally, the force detection unit 13 in the first embodi-
ment is prepared as a 6-axis force sensor; however, this may
be prepared as a force sensor capable of measuring two axes
of'the insertion direction of the guide wire 2a and the rotation
axis around the insertion direction thereof, or as a force sensor
of'one axis capable of measuring only the insertion direction
of the guide wire 2a.

Moreover, the force detection unit 13 is designed to be
disposed at the tip of the torque device 39; however, for
example, as shown in FIG. 4B, the force detection unit 13 may
have a structure in which a guide wire 2a is allowed to pass
through a first securing unit 37 and a second securing unit 38,
and as shown in FIG. 4C, when the operator 6a applies a
force, a deflection amount (length L in FIG. 4C) between the
two first and second securing units 37 and 38 is measured by
a laser displacement gauge or an image recognition device
15¢ such as a camera, so that a force corresponding to the
deflection amount may be calculated by using an insertion
length detection unit-use second calculation unit 15¢ based
upon a table (shown in FIG. 4D) indicating the relationship
between the deflection amount L and a force, which has been
preliminarily prepared, in the insertion length detection unit-
use second calculation unit 15e.

<<Timer 36>>

After a lapse of a predetermined period of time (for
example, every 4 milliseconds), the timer 36 outputs an
instruction signal for operating the database input/output unit
14 and the presentation unit 18.

<<Database Input/Output Unit 14>>

The database input/output unit 14 carries out input and
output processes of data among the measured information
database 9, the force detection unit 13, a reference point
calculation unit 10, an individual force calculation unit 11,
and the force decision unit 12.

<<Reference Point Calculation Unit 10>>

A reference point calculation unit 10 functions as one
example of a time point calculation unit. The reference point
calculation unit 10 is provided with an insertion length detec-
tion unit 15, and a reference point setting unit 16 that func-
tions as one example of a time point setting unit.

The insertion length detection unit 15 detects an insertion
length of the guide wire 2a fed into the vascular 3 by the
operator 6a. For example, as shown in FIG. 4A, the insertion
length detection unit 15 is disposed on the torque device 39
that the operator 6a operates outside the body. As its specific
configuration, the insertion length detection unit 15 is consti-
tuted by a distance sensor 15a and an insertion length detec-
tion unit-use calculation unit 156. By measuring the position
of the torque device by using the distance sensor 154, based
upon the resulting measured information, the amount of the
movement from the position prior to the movement of the
torque device 39 is found by the insertion length detection
unit-use first calculation unit 155 so that the resulting value is
detected as an insertion length by the insertion length detec-
tion unit-use first calculation unit 155.

For example, the distance sensor is prepared as a 3-axis
magnetic type position measuring sensor, as shown in FI1G. 5.
In the magnetic type position measuring sensor, a magnetic
force measuring unit 29 is attached to an upper portion (posi-
tion indicated by PP1 of FIG. 5) of the torque device 39, and
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the position P1 of the torque device 39 is detected by gener-
ating a magnetic field by a magnetic field generating source
28.

Additionally, in the first embodiment, a magnetic type
insertion length detection unit 15 is used; however, a marker
is disposed on the torque device 39 so that another system in
which the position of the torque device 39 is detected by using
a camera, or still another system in which the position is
detected by using an infrared ray sensor may be used.

In the first embodiment, the insertion length detection unit
15 is disposed on the torque device; however, the present
invention is not intended to be limited by this configuration.
For example, as another example of the insertion length
detection unit 15, another system may be used in which, as
shown in FIG. 4E, bright and dark marks (for example, white
and black marks) are added to the guide wire 2a, and by
capturing the number of the marks by a camera, the captured
image is image-recognized by an image recognition unit 154
so that the marks are counted by an insertion length detection
unit-use second calculation unit 15¢ and based upon a table
(shown in FIG. 4F) that indicates the relationship between the
counted marks and the insertion length, the amount of inser-
tion may be detected by the insertion length detection unit-
use second calculation unit 15e.

The insertion length detection unit 15 detects the length of
the guide wire 2a inserted into the body by utilizing the timer
36 for every predetermined time (for example, every 4 milli-
seconds) and outputs the resulting data to the database input/
output unit 14 together with the time so as to be stored in the
measured information database 9.

The reference point setting unit 16 calculates a displace-
ment of the force detected by the force detection unit 13 each
time the insertion length detected by the insertion length
detection unit 15 is increased or decreased by a predeter-
mined length (for example, 1 mm), and by comparing this
with the displacement up to the reference point immediately
before, the point of time at which the displacement exceeds a
predetermined first threshold value (reference point setting
threshold value) (for example, 0.1 N) is set as a reference
point. The reference point mentioned here corresponds to a
point (point of time for use in measuring individual forces)
forming a reference by which each of individual applied
forces is individually measured from the total force detected
by the force detection unit 13. Additionally, the reference
point setting unit 16 sets a point of time at which the insertion
length is 0 as the first reference point. The reference point thus
set is outputted to the database input/output unit 14 from the
reference point setting unit 16, and is stored in the measured
information database 9 by the database input/output unit 14.
Based upon the total value of the force information detected
by the force detection unit 13 and the information of the
insertion length detected by the insertion length detection unit
15, the reference point setting unit 16 sets a reference point for
use in calculating each of forces exerted at respective points
where the guide wire 2qa is made in contact with the vascular
3, and the reference point thus set is outputted to the database
input/output unit 14 from the reference point setting unit 16.

<<Individual Force Calculation Unit 11>>

Based upon the information from the force detection unit
13 and the information from the reference point calculation
unit 10 obtained through the database input/output unit 14,
the individual force calculation unit 11 calculates each of
individual forces P1, P2, P3, and P4 applied at the respective
reference points calculated by the reference point calculation
unit 10 from the total value of the force Pt detected by the
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force detection unit 13, and outputs the resulting forces to the
database input/output unit 14 so as to be stored in the mea-
sured information database 9.

More specifically, the individual force calculation unit 11
finds values each of which is obtained by subtracting the force
information (value) at the reference point immediately before
from the force information (value) detected by the force
detection unit 13 and then dividing the resulting value by the
number of the reference points set before, and by adding the
resulting divided value to each of individual forces at the
respective reference points, to calculate individual values.
The individual forces thus calculated by the individual force
calculation unit 11 are outputted to the database input/output
unit 14 from the individual force calculation unit 11 together
with the reference points.

<<Measured Information Database 9>>

The measured information database 9 stores the informa-
tion relating to forces detected by the force detection unit 13
and the insertion length detected by the insertion length
detection unit 15 together with the corresponding time by
utilizing the timer 36 through the database input/output unit
14. Moreover, the individual force calculation unit 11 calcu-
lates information relating to the reference points calculated
by the reference point calculation unit 10 and information
relating to individual forces at the respective reference points
calculated by the individual force calculation unit 11, and
stores these pieces of information in the measured informa-
tion database 9 so as to form pairs with the reference points,
through the database input/output unit 14. The measured
information is inputted/outputted to and from the measured
information database 9 through the database input/output unit
14.

FIG. 6 shows one example of the information contents of
the measured information database.

(1) The column of “time” indicates information relating to
the time during which the insertion task is carried out. In the
first embodiment, this is indicated by the unit of millimeter
seconds (msec).

(2) The column of “force” indicates information relating to
a force detected by the force detection unit 13. In the first
embodiment, a force in the insertion direction is indicated by
newton (N), and a force in the rotation direction around the
insertion direction is indicated by newton meter (Nm).

(3) The column of ““insertion length” indicates the insertion
length of the guide wire 2a detected by the insertion length
detection unit 15. Additionally, in the first embodiment, this is
indicated by a meter (m) unit system.

(4) The column of “‘reference point™ indicates the reference
point calculated by the reference point calculation unit 10. In
the case of setting the reference point, “1” is set in the corre-
sponding time column, while in the case where no reference
point is set, “0” is set therein.

(5) The column of “individual force” indicates information
relating to a force calculated by the individual force calcula-
tion unit 11. In the first embodiment, a force in the insertion
direction is indicated by newton (N), and a force in the rota-
tion direction around the insertion direction is indicated by
newton meter (Nm).

<<Force Decision Unit 12>>

Based upon information calculated in the individual force
calculation unit 11, the force decision unit 12 decides that a
load is applied onto the vascular 3 in the case where the force
calculated by the individual force calculation unit 11 is a
predetermined second threshold value (load decision-use
threshold value) (or sensitivity adjusting threshold value) (for
example, 0.5 N) or more. In the case where the force calcu-
lated by the individual force calculation unit 11 is decided as
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being less than the predetermined second threshold value, the
force decision unit 12 decides that no lead is applied thereto.
The information of the decision result is outputted to the
notification unit 8 and the determination unit 27 together with
the force calculated by the individual force calculation unit
11.

<<Notification Unit 8>>

The notification unit 8 is a device which, based upon infor-
mation from the force decision unit 12, notifies the operator
6a of information indicating the results decided by the force
decision unit 12, and is constituted by a monitor 8a or a
speaker 85. More specifically, as shown in the monitor 8a of
FIG. 7 serving as one example of the notification unit 8, a
force P[N] detected by the individual force calculation unit 11
is displayed together with an X-ray image captured by the
X-ray image capture device 5, and in the case where the force
decision unit 12 decides that a load is applied onto the vas-
cular 3, a warning such as “ALERT” is displayed thereon.
Moreover, upon decision by the force decision unit 12 that a
load is applied onto the vascular 3, a warning sound is given
by the speaker 85 that is another example of the notification
unit 8 so as to give the warning to the operator 6a.

Determination Unit 27

Based upon the force detected by the force detection unit
13, the individual forces applied to the respective reference
points which are calculated by the individual force calcula-
tion unit 11, and information relating to the decision results
by the force decision unit 12, the determination unit 27 deter-
mines information (presentation information) relating to a
force to be presented onto the presentation unit 18.

The determination method to be carried out by the deter-
mination unit 27 is, for example, either one of two kinds of
determination methods as shown in FIG. 8.

With respect to the method of “presenting an individual
force when a load is applied”, indicated by ID “1” in FIG. 8,
the following description will give explanations.

Upon decision by the force decision unit 12 that no load is
applied to the vascular 3, the determination unit 27 notifies the
presentation unit 18 to present a force detected by the force
detection unit 13. Upon decision by the force decision unit 12
that a load is applied to the vascular 3, the determination unit
27 notifies the presentation unit 18 to present a force having
the greatest difference from the predetermined second thresh-
old value among respective forces decided by the force deci-
sion unit 12 as causing loads onto the vascular 3.

Next, with respect to the method of “presenting a force

with an increased sensitivity when a load is applied”, indi-
cated by ID “2” in FIG. 8, the following description will give
explanations.
Upon decision by the force decision unit 12 that no load is
applied to the vascular 3, the determination unit 27 notifies the
presentation unit 18 to present a force detected by the force
detection unit 13. Upon decision by the force decision unit 12
that a load is applied to the vascular 3, the determination unit
27 notifies the presentation unit 18 to alter a force having the
greatest difference from the predetermined second threshold
value among respective forces decided by the force decision
unit 12 to have a stronger sensitivity by using a method to be
described later so as to be easily transmitted to the experienc-
ing person 65, and then the altered force is presented by the
presentation unit 18.

The following description will explain one example of the
altering method of the sensitivity.

FIG. 9A is a graph that shows a relationship between a
force calculated by the individual force calculation unit 11
and the time. FIG. 9B is a graph that shows a relationship
between a force to be transmitted to the presentation unit 18
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and the time, indicates forces that are corrected so as to have
stronger sensitivities by using a solid line and black dots, and
also indicates forces before the correction by using a broken
line and white dots.

A period of force information acquired by the force calcu-
lation unit 11 (for example, from a point of time of force
information (fal) of FIG. 9A and FIG. 9B) to the next refer-
ence point (a point of time of force information (fa2) of FIG.
9A and FIG. 9B) is calculated as “force correction section”.
By multiplying the value of the force information of this
section by fixed times (for example, 1.2 times or the like), the
sensitivity is altered. The force information after the correc-
tion is given as force information (fb1, fb2) of FIG. 9B. In this
example, the sensitivity is increased.

In contrast, upon decreasing the sensitivity, FIG. 9B may
bereplaced by FIG. 9A. More specifically, by multiplying the
value of the force information of the force correction section
by fixed times (for example, (1/1.2) times or the like), the
sensitivity is altered. While the force information prior to the
correction is given as force information (fb1, tb2) of FIG. 9B,
the force information after the correction forms force infor-
mation (fal, fa2) of FIG. 9A.

The determination method shown in FIG. 8 is supposed to
adopt a method described by “1” in its flag column, and upon
alternation of the determination method, by inputting “1” in
the flag column of the determination method to be desirably
adopted, while inputting “0” in the flag column of the deter-
mination method not to be adopted, by the use of the input IF
7, the determination method can be altered.

Moreover, in the present embodiment, a force to be pre-
sented is determined in response to a load exerted onto the
vascular 3; however, another method may be used in which
presentation information as to which force is to be presented
among a force or respective individual forces applied to the
respective reference points calculated by the force or indi-
vidual force calculation unit 11 is specified by the operator 6a
orthe experiencing person 65 by using a button serving as one
example of the input IF 7, thus specifying as to which is
presented between the force and each ofthe individual forces,
or still another specifying method may be used in which by
touching a portion displayed on the notification unit, the
individual force at the touched portion is presented.

Moreover, in the case where the force decision unit 12
decides that a load is applied onto the vascular 3, the present
embodiment is designed to present a force having the greatest
difference from the predetermined second threshold value
among respective forces decided by the force decision unit
12; however, upon decision by the force decision unit 12 that
a load is applied to the vascular 3, the individual force at the
reference point calculated by far the last, that is, at the tip of
the guide wire 24 or at the vicinity of the tip thereof, may be
presented.

Presentation Unit 18

The presentation unit 18 has the configuration shown in
FIG. 3 as described earlier, and is a device for use in present-
ing a force detected by the force measuring device 1 to the
experiencing person 65 based upon the notification method
determined by the determination unit 27.

<<Force Transmission Control Unit 21>>

The force transmission control unit 21 controls so as to
transmit force information determined by the determination
unit 27 to the hand of the experiencing person 65 through the
presentation unit 18. At this time, the strength or timing of the
force to be presented by the force presentation unit 18 can be
controlled by the force transmission control unit 21. With
respect to the directions in which the force is generated, there
are two axes that relate to the insertion direction of the force
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transmission mechanism 26 of the force presentation unit 18
to be described later and the rotation direction around the axis
of the insertion direction. Positional information or force
information for use in presenting a force through the control
of the force transmission control unit 21 is outputted to the
input/output IF 24 from the force transmission control unit 21
for every predetermined periods of time (for example, every 1
millisecond) by utilizing the timer 36.

<<Peripheral Device 23>>

The peripheral device 23 transmits information between
the force transmission mechanism 26 and the force transmis-
sion control unit 21. The input/output IF 24 outputs positional
information or force information from the force transmission
control unit 21 to a motor driver 25 for every predetermined
periods of time (for example, for every 1 millisecond) by
utilizing the timer 36. The motor driver 25 respectively drives
motors described below of the force transmission mechanism
26 in a manner so as to follow the positional information or
force information from the input/output IF 24.

<<Force Transmission Mechanism 26>>

The force transmission mechanism 26 is a mechanism for
use in presenting force information outputted from the force
transmission control unit 21 to the experiencing person 65,
and is operated so as to follow positional information or force
information outputted from the force transmission control
unit 21. As shown in FIG. 10A, its specific example is given
by two axes relating to the rotation in the presentation wire
insertion direction and the rotation in a direction perpendicu-
lar to the insertion direction of the presentation wire. More
specifically, a flexible insertion member such as the presen-
tation wire 24 or the like is held by an upper roller (first roller)
33a and a lower roller (second roller) 335, and by controlling
the operations of the rollers 33a and 334, the presentation
wire 2b is fed. In this case, the roller to be controlled may be
either one of the upper roller 334 and the lower roller 335. In
the same manner as in a joint portion of a robot arm, a motor
33d and an encoder 33e are disposed on the roller to be
controlled so that the motor 334 is controlled by the motor
driver 25 in the same manner as in a robot arm. The upper
roller 33a and the lower roller 335 are supported by a base
unit, not shown, so as to rotate thereon. Moreover, a third
roller 33¢ is prepared therein so that a feeding unit constituted
by the upper roller 33a and the lower roller 335 can be
rotation-controlled around a center axis, with the insertion
direction serving as the center axis, by the third roller 33¢. A
bracket, not shown, is secured to the third roller 33¢, and the
upper roller 33a and the lower roller 33¢ are supported onto
the bracket so as to freely rotate thereon. On the third roller
33¢, amotor 33g and an encoder 33/ are disposed in the same
manner as in the joint unit of a robot arm so that the motor 33¢g
is controlled by the motor driver 25 in the same manner as in
the robot arm. The third roller 33¢ is supported onto a base
unit, not shown, so as to rotate thereon. Thus, in addition to
the insertion direction, the operation of the presentation wire
2b can also be controlled in a rotation direction around a
center axis corresponding to the insertion direction. By using
this configuration as shown in FIG. 10A, the experiencing
person 64 is allowed to have the force presentation in a state
where the experiencing person 6b is directly holding the
presentation wire 25.

Additionally, in place of the mechanism of FIG. 10A, the
force transmission mechanism 26 may have an arm-type
force transmission mechanism in which, as shown in FIG.
10B, an arm (jog stick) 34 capable of being controlled in two
axes of the rotation in the presentation wire insertion direction
and the rotation in a direction perpendicular to the presenta-
tion wire insertion direction is installed.
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(Presentation Operation Step of Force Presentation System
100)

The following description will explain a presentation
operation step of the force presentation system 100 in accor-
dance with the first embodiment. FIG. 11 is a flow chart
showing the entire force presentation system 100, and F1G. 12
shows a flow chart of the force measuring device 1 that carries
out the force measuring process of step S201 of FIG. 11.

In this case, as shown in FIGS. 13(B) to 13(E), an expla-
nation will be given by exemplifying a state in which, when
the operator 6a is inserting the guide wire 2¢ into a meander-
ing vascular 3, a load to be applied to the vascular 3 is
presented to the experiencing person 64.

FIG.13(A) and F1G. 14 (FIG. 14 corresponds to a graph in
which FIG. 13(A) is enlarged) are graphs in which forces,
detected by the force detection unit 13 during the insertion
tasks shown in FIGS. 13(B) to 13(E), and insertion lengths,
detected by the insertion length detection unit 15, are plotted
on the axis of abscissa indicating time.

Upon receipt of starting instructions of force measure-
ments and force presentation from the input IF 7, force mea